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关的功能基因的 cDNA 全长序列。INSIG 基因全长 cDNA 序列 745 bp，包括 621 
bp 的 ORF，编码 206 个氨基酸，有 4 个跨膜结构区。经过氨基酸比对确认是
INSIG-2 蛋白质。EGFR 基因 cDNA 序列 1608 bp，包括 897 bp 的 ORF，编码 298
个氨基酸，检测到 1 个跨膜结构域和 5 个酪蛋白激酶 II 磷酸化位点。其氨基酸
序列与高等动物的差异较大。IGFR 基因全长 cDNA 序列 1906 bp，包括 954 bp
的 ORF，编码 318 个氨基酸。检测到一个蛋白激酶活性位点，确认是 IGFR-2 蛋
白。EST16 基因 cDNA 序列 1286 bp，1152 bp 的 ORF，编码 383 个氨基酸，其






IGFR 基因在胚胎发育从卵到 D 型幼虫期间均有表达，在受精卵到四细胞期间其
表达量较高，其他时期较低，说明它是阶段性调控的。EST16 基因在早期发育阶
























其抑制效应最强。EST16 基因进行 RNA 干扰后表现出的效应和 INSIG 基因类似。
























Crassostrea angulata is a shellfish with widely distribution in China, and is a 
traditional aquaculture species of high yield. It has large amount, and easy to be 
cultured. So it is suitable for marine shellfish research as a model species. In the 
genome era, scientisits pay more and more attention to the functional genomics 
research. We analysed the four functional genes’ cDNA sequences, expression and 
gene silencing effects, aiming to provide new information to the molecular 
mechanism of oyster’s development. The major results were as follows: 
In this study, we cloned 4 genes which were closely related with the growth and 
development, by RACE. The full-length cDNA sequence of INSIG was 745 bp, 
including 621 bp ORF, which encoding 206 amino acids. There were four 
transmembrane area in INSIG protein. Sequence comparisons confirmed that it was 
INSIG-2 protein. EGFR gene were 1608 bp, including 897 bp ORF, which encoding 
298 amino acids. There was a transmembrane domain and five casein kinase II 
phosphorylation sites. The protein sequence of EGFR was quite different from highly 
developed animals’. IGFR cDNA sequence was 1906 bp, including 954 bp ORF, 
which encoding 318 amino acids. There was a protein kinase active site, which 
confirmed that it was IGFR-2 protein. EST16 gene cDNA sequence was 1286 bp, 
including 1152 bp ORF, which encoding 383 amino acids. The protein sequence 
contained seven PKC phosphorylation sites, suggesting that it might be a subtypes of 
PKC family. By sequence alignment the homologous gene was not found.  
We constructed the standard curves of four functional genes, and used absolute 
and relative quantitative methods to detect the expression change of the 4 genes in 
early stages of embryonic development of C.angulata. All genes expressed during the 
periods from the egg to D-veliger. 
INSIG gene was lower at early time but began to increase in blastocyst stage. 
EGFR gene was relatively higher in oocytes, trochophore, and D-veliger stage. IGFR 
gene expressed during all the periods. From the fertilized egg to the 4-cell stage IGFR 
had a high experssion, which was a phase control. EST16 gene had a similar trend to 
INSIG gene, which had a high expression in the trochophore and D-veliger. 
We established a way of detecting validation of gene function by RNA 















After RNAi a large number of embryos of oyster were dead. And as the time 
implement RNAi changed, or RNAi with different concentration of dsRNA, the gene 
regulation models were different. The overall trend of INSIG expression was down to 
low in a short time, increased at some time then decreased again. 
Immunohistochemistry analysis with the antibody showed that there was no 
expression of early proteins, then had a regional expression after blastocyst, especially 
at facial disc region, presumed to be organ formation. The RNAi groups had a large 
number of deaths, deformities, developmental stagnation, and lower protein 
expression. The RNAi effects of EGFR dsRNA was more obvious at trochophore 
interference group, compared with the groups of early interference. IGFR gene had 
shown a significant self-regulation, that was, low-high-low-high-low expression 
patterns. The effects were strongest at early RNAi groups. EST16 gene exhibited a 
similar effects to INSIG gene. This study showed that 1 ng/μL the dsRNA could 
produce obvious effects on the embryos. And the effects of RNAi in different periods 
were not the same. Disturbance of the gene was not such a simple process like 
completely inhibition, but the “low-high-low” regulation process, and not return to the 
normal expression. The gene silencing results comfirmed that soaking method could 
let the embryos absorb dsRNA and produce significant effects. And the self-regulation 
of C.angulata larvae was unstable because of their imperfect phylogenys. 
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第 1 章 绪论 
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1.1.1 INSIG 基因研究进展 
胰岛素诱导基因(insulin induced gene, INSIG)是近年来发现的新基因，在脂
质合成与脂肪细胞的分化中发挥着重要的调控作用(Dobrosotskaya et al., 2003)。
SREBP 是固醇调控元件结合蛋白。它具有两种亚型，INSIG-1 和 INSIG-2，两者
都能与固醇调控元件结合蛋白(SREBP)结合，对其的裂解活化产生负性作用。当
细胞内胆固醇缺乏时，INSIG-1 与固醇调节元件结合蛋白裂解激活蛋白(SCAP)
的亲和力降低，SCAP 自由护送 SREBP 从内质网到高尔基体，在 S1 和 S2 蛋白
酶水解作用后，SREBP 转移至胞核，与众多靶基因的启动子、增强子的胆固醇
反应元件结合，活化启动转录，可活化合成胆固醇、脂肪酸、甘油三脂、磷脂所

















代谢的基因。因此，可以说 INSIG 和 SREBP 及其下游基因的调控是相互作用，
紧密联系的(Dobrosotskaya et al., 2003; Li et al., 2003; Takaishi et al., 2004; 
Engelking et al., 2004; Gong et al., 2006)。 
通过 RNA 干扰去除两种 INSIG mRNA 或在基因突变的仓鼠细胞中，两种
INSIG 蛋白缺乏，导致核 SREBP 增加，在相同饮食下鼠肝总胆固醇、甘油三脂
含量较对照比较增高 4-6 倍。在肝脏单纯消除 INSIG-1，对 SREBP 及靶基因有
一定影响但较小，胆固醇合成的完全去抑制需要 INSIG-1、INSIG-2 两者共同的
去除，提示在肝脏 INSIG-2 起着重要作用(Engelking et al., 2005)。 
AP2 为细胞内脂肪酸结合蛋白家族的成员，是前脂肪细胞向脂肪细胞分化成
熟的标志基因，在细胞内与脂肪酸结合，负责脂肪酸的转运，影响脂肪分解、脂










SREBP、ACC、LDLR、AP2、PEPCK、GK 这些蛋白作为 INSIG 调控网络
中重要的中、下游的蛋白质，其基因表达量的检测可以作为 INSIG 等上游调控
因子检测的对照和验证。本研究利用同源克隆的方法，对这六个基因进行表达量
的检测，作为对 INSIG 调控网络的验证研究。 
1.1.2 EGFR 基因研究进展 
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